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ABSTRACT 
 
Title of the Abstract: Is early rehabilitation after total knee replacement better with Periarticular 
injection or Epidural Bupivaccaine? 
Department: Orthopaedics 
Name of the candidate: Ajith. K 
Degree and subject: MS Orthopaedics 
Name of the Guide: Prof. Dr .Pradeep poonnoose 
 
Objectives: Assessment of efficacy of periarticular injection of a cocktail of analgesic drugs in pain 
reduction after total knee replacement and its comparison with the effectiveness of epidural infusion of 
bupivaccaine. 
 
Methods: The study was a randomized control trial. Patients undergoing unilateral total knee 
replacement were included in the study. After preoperative assessment patients were randomized 
into two groups – one receiving periarticular injection of a cocktail of analgesic drugs, and the 
other receiving epidural bupivaccaine infusion for pain control. Post operative pain scores were 
noted on day1, day2, day3 and day10 along with the range of motion. Consumption of morphine 
and functional rehabilitation were also assessed and statistically analyzed using a repeated 
measure ANOVA. 
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Results: Patients who received the pericapsular injection of drugs had significantly better pain 
relief compared to epidural group in the immediate postoperative period. The functional 
rehabilitation was faster in those who received the pericapsular injection, but by the 10 post op 
day, there was no difference in the functional ability or pain relief. Range of motion was not 
significantly affected by the modality of pain control. There were less anaesthesia related side 
effects like nausea, pruritis, vomiting and urinary retention in those who received pericapsular 
injections.  
 
Key words: Analgesic cocktail, Post operative analgesia, Epidural anaesthesia, Total knee 
replacement 
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INTRODUCTION 
              
Pain associated with major operations like total knee replacement (TKR) is quite 
considerable. Postoperative pain after Total Knee Arthroplasty (TKA) is a major concern 
to patients and the best technique to control pain is still controversial. Adequate pain 
relief is essential for early mobilization and good functional recovery. Modalities for 
postoperative pain relief include various combinations of systemic and/or regional 
analgesia with or without opioids.  
 
In our institution, the current method of pain control after a TKR is with epidural 
anaesthesia. Other drugs including NSAIDs (Tab. Aceclofenac) and subcutaneous 
morphine are also used for pain control. Due to the negative effects of parenteral opioids 
and infusions, other multi modal approaches that provide adequate analgesia while 
minimizing opioid related side effects have been proposed.  In this study we aim to 
compare the efficacy of the current method of pain control using epidural infusion of 
Bupivacaine with a multimodal approach using pericapsular injection of an anaesthetic 
cocktail of drugs including Ropivacaine, Noradrenaline, Depomedrol, Morphine and 
Ketorelac, coupled with oral NSAIDs, IV Paracetamol and Perioperative Pregabalin. 
Relief of pain will be monitored post operatively, and functional recovery will be 
monitored by observing the duration taken to complete a core set of functional goals.  
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AIMS & OBJECTIVES 
 
 
AIMS: 
 
To study the efficacy and safety of a Periarticular analgesic cock tail injection for early 
rehabilitation after a total knee replacement. 
 
OBJECTIVES: 
 
A) To assess the effectiveness of the periarticular injection of an analgesic cock tail in promoting 
early functional recovery. 
 
B) To assess the effectiveness of the periarticular injection of an analgesic cocktail of drugs in 
the reduction of pain during the immediate post operative period , and comparing the outcome 
to the current treatment regimes currently being used to control pain in our institution – i.e. 
epidural infusion of Bupivacaine. 
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REVIEW OF LITERATURE 
 
Pain control after total knee replacement 
The management of osteoarthritis has primarily been directed towards pain 
management with the use of analgesics. Physical measures as moderate exercise and diet 
control for weight reduction in case of overweight people have been recommended. The 
medications used over time ranges from acetaminophen to opiod analgesics. Intra 
articular injections of corticosteroids, hyaluronic acid and platelet rich plasma also have 
been used for the management of osteoarthritis of the knee. It has been suggested that 
multimodal intervention would help in reducing the pain in case of osteoarthritis. 
In cases where these conservative modalities are ineffective or where the 
deformity is pronounced surgical treatment is required. The surgical modalities of 
treatment include joint arthroplasty and resurfacing.  
Pain associated with major operations like total knee replacement (TKR) is quite 
severe. More than half of these patients receive sub optimal pain control and may 
experience severe pain in the early post operative period. Adequate pain relief is essential 
for early mobilization and physiotherapy. Control of post operative pain could also 
reduce hospital admission days and re admissions. Several therapeutic methods have been 
used to control pain and improve function. These include combinations of systemic 
and/or regional analgesia with or without opioids like patient controlled analgesia, 
femoral nerve blocks, epidural infiltration and periarticular infiltration. 
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In our institution, the current method of pain control after a TKR is with epidural 
anesthesia. While this is effective, it is an invasive procedure, and necessitates restricting 
the patient‟s mobility till the epidural lines are removed.  
Like the spinal, epidural anaesthesia produces a reversible loss of sensation and 
motor function with the only difference that the drug is injected in to the epidural space. 
Because of this larger doses are needed and should be monitored to avoid toxicity. Block 
can be given at the cervical, thoracic, lumbar or sacral (caudal) levels. This technique can 
be used for operative analgesia, post operative pain control and chronic pain 
management. Drug can be infused continuously using an infusion pump, can be given as 
a single shot or intermittent boluses. Epidural catheters may be left in place and allows 
the versatility to extend the duration of post operative analgesia and anaesthesia by 
injection of additional anaesthetic. Though it is easy to perform (though it takes a bit 
more practice than spinal anaesthesia) it has got a higher risk of failure and is slower in 
onset. But the anaesthesia is reliable and provides excellent operating conditions. 
Compared to general anaesthesia, with this we have a patent airway, fewer pulmonary 
complications, faster return of gastrointestinal function and decreased incidence of deep 
vein thrombosis and pulmonary emboli. 
Absolute contra indications for epidural include 
 Patient refusal 
 Infection at the site of injection 
 Coagulopathy  
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 Severe hypovolaemia: Not to be used in patients who are hypovolaemic or 
severely dehydrated. Patients should be pre-hydrated with 0.5 – 1 liter of 
crystalloid solutions (i.e. Ringers lactate) immediately prior to the block.  
  Increased Intracranial pressure 
 Severe Aortic Stenosis  
 Severe Mitral Stenosis  
 Ischemic Hypertrophic Sub-aortic Stenosis  
Relative contra indications include 
 Sepsis 
 Uncooperative patients 
 Pre-existing neuro deficits/neurological deficits  
 Demyelinating lesions 
 Stenotic valvular heart lesions (mild to moderate Aortic 
Stenosis/Ischemic Hypertrophic Sub-aortic Stenosis) 
 Severe spinal deformities 
Mechanism of action: On administration at a physiologic distance several barriers 
prevent spread of local anaesthetic to the intended site of action, which in turn requires 
larger volumes of anaesthetic. The intended targets are the spinal nerves and associated 
nerve roots. Dura mater acts as a modest barrier between the epidural space and spinal 
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nerve and nerve roots.The venous rich epidural space absorbs the majority of the 
solutions systemically. Epidural fatty tissue acts as a reservoir and only the remainder 
reaches the spinal nerve and nerve roots. Local anaesthetic injected into the epidural 
space moves in a longitudinal and horizontal manner. Horizontally the local anaesthetic 
spreads through the intervertebral foramina through the dural cuff via the arachnoid villa 
and into the CSF through arachnoid granules. Block occurs at the mixed spinal nerves, 
dorsal root ganglia, and to a small extent the spinal cord.  
Compared to spinal, epidural takes 6-8 times the dose of a spinal anaesthetic to 
create a comparable block. This is because  
 The nerves seen in the epidural space are large mixed compared to the 
subarachnoid space. 
 Local anaesthetics must penetrate arachnoid and dura mater barriers. 
 Local anaesthetics are lipid soluble and will be absorbed by tissue and 
epidural fat. 
 Epidural veins absorb a significant amount of local anaesthetic with blood 
concentrations peaking in 10-30 minutes after a bolus. 
Alpha-1 globulins bind the long acting amides, which have a high affinity for 
local anaesthetics but become rapidly saturated. These amides are metabolized in the 
liver and excreted by the kidneys. The esters are metabolized by pseudo cholinesterase so 
rapidly that there are rarely significant plasma levels. 
Factors Affecting Height of Epidural Blockade 
 Local aesthetic volume: 1-2 ml of local anaesthetic per dermatome 
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 Age: As age advances the dosage decreases due to changes in size and 
compliance of the epidural space 
 Patient‟s height: Shorter the patient the less local anaesthetic is required. 
 Gravity: A sitting patient will have more local anaesthetic delivered to the 
lower lumbar and sacral dermatomes. But this is not as pronounced as in 
spinal.  
Local Anaesthetics used for Epidural Anaesthesia: 
  Before choosing a particular local anaesthetic, points to consider include an 
understanding of its potency and duration, surgical requirements, duration of surgery and 
the postoperative analgesic requirements. According to the duration of action these can 
be categorized into short acting (2-chloroprocaine), intermediate acting (lidocaine and 
mepivacaine) and long acting (bupivacaine, etidocaine, ropivacaine, levobupivacaine).  
  There were several cardiac arrests due to inadvertent intravascular injection of 
bupivacaine in obstetric patients. Bupivacaine (as well as etidocaine) are more likely to 
impair the myocardium and conduction system with toxic doses than other local 
anaesthetics. Bupivacaine has a high degree of protein binding and lipid solubility which 
accumulate in the cardiac conduction system and results in the advent of refractory re-
entrant arrhythmias. Ropivacaine is a local anaesthetic drug belonging to the amino 
amide group. The name ropivacaine refers to both the racemate and the marketed s-
enantiomer. Key advantage of ropivacaine over bupivacaine is that in doses for analgesia 
there is excellent sensory blockade with low motor blockade and it is less cardio toxic. 
Ropivacaine is indicated for local anaesthesia including infiltration, nerve block, epidural 
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and intrathecal anaesthesia in adults and children over 12 years. It is also indicated for 
peripheral nerve block and caudal epidural in children 1–12 years for surgical pain. It is 
also sometimes used for infiltration anaesthesia for surgical pain in children. Ropivacaine 
is often co-administered with fentanyl for epidural analgesia, for example in pregnant 
women during labour. Anne Weber et al 
1
 in 2005 after their study to determine the 
optimum dose of ropivacaine for perioperative peripheral analgesia in total knee 
replacement patients reported that 20mL of ropivacaine 0.5% was the most appropriate 
dose for perioperative analgesia in these cases. 
Epidural additives like epinephrine will increase the duration of action of all 
epidurally administered local anaesthetics. Addition of fentanyl will accelerate the onset 
of analgesia and create a more potent/complete block to few. Sodium bicarbonate can be 
added to lidocaine, mepivacaine, and 2-chloroprocaine.Addition will increase the amount 
of free base which increases rate of diffusion and speeds onset. 
 
Several other techniques for postoperative pain control such as patient controlled 
analgesia, femoral nerve blocks, and periarticular injections of medication have been 
reported.  
 
Femoral nerve block historically known as 3 in one block, blocks the femoral, 
lateral femoral cutaneous and obturator nerves. The injection is given paravascularly in 
the femoral crease. It provides analgesia to anterior thigh (flexor muscles of hip and 
extensor muscles of knee).This is an ideal nerve block for surgeries of knee. For complete 
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lower extremity analgesia femoral nerve block should be combined with a sciatic nerve 
block 
The landmarks for the femoral block include the femoral crease and femoral 
artery pulse. This technique is easy to master and carries very low risk. In addition to the 
surgical anaesthesia it is useful for postoperative pain management also especially in 
cases of surgeries of thigh and knee. 
The femoral block anaesthetizes the skin and muscles of anterior thigh and most 
of knee and femur joint. 
A standard regional anaesthesia tray is prepared with the following equipments: 
1. Sterile towels and gauze packs 
2. 20ml syringe with local anaesthetic 
3. 3ml syringe with local anaesthetic for skin infiltration 
4. 5cm, 22 gauge short bevel insulated stimulating needle 
5. Peripheral nerve stimulator 
6. Sterile gloves and marking pen 
This technique is associated with minimal patient discomfort. This is because it 
passes only through the skin and adipose tissue of the femoral inguinal region. Still 
patients may feel uncomfortable as they feel exposed during palpation of femoral artery. 
In such cases sedation might offer patient comfort. Usual onset time for the block is 15 to 
20 minutes depending on the type of anaesthetic and its volume and concentration. Loss 
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of sensation of the skin over medial aspect of leg below the knee is the first sign of onset 
of action. 
Continuous femoral block is a similar technique, but the needle is inserted at a 
lower angle so as to facilitate the threading of a catheter. Following the initial bolus of 
the anaesthetic 0.25% ropivaccaine is used for continuous infusion. This is maintained at 
5mL/hour. The armamentarium includes a catheter kit along with the instruments for a 
usual femoral block. 
The common complications encountered in this technique include infections, 
hematoma, vascular puncture and nerve injury. The patient will not have weight bearing 
capacity on the blocked extremity. This has to be explained to the patient to avoid the risk 
of falls. 
While femoral nerve blocks are effective in pain control, the possible quadriceps 
weakness could delay the rehabilitation and ambulation 
2
.   It was mentioned by Parvizi et 
al 
2
 that the primary concern about nerve blocks is the chance of developing neurological 
sequelae including permanent nerve damage. They suggested that multimodal pain 
management modalities have a safe side effect profile. These techniques might help 
reduce the opiod related side effects as post operative delirium. 
 
Patient controlled analgesia includes methods that allow a patient in pain to 
control and administer medications required for pain relief. The most common form in 
this category is the oral, over the counter pain killers. Pain has been described as having a 
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tissue damage component and emotional component. The feeling of control over one‟s 
medication helps to alleviate the emotional factor associated with pain. 
In hospital atmosphere the patient controlled analgesia usually refers to 
intravenous or epidural analgesia. 
 Intravenous patient controlled analgesia uses an infusion pump that is 
electronically controlled. This machine will deliver a pre-programmed dose of the 
analgesic when the patient presses a button.  In some cases the machine is set to deliver a 
continuous slow flow of the medicine and additional doses are self administered by 
pressing a button. This is commonly used in end stage cancer patients and in post 
operative pain management. With this type of analgesia the caregiver should take care to 
program the analgesia in such a manner that overdosing is avoided. This is of extreme 
importance as this is commonly used for narcotic administration. In case of pre-
programmed schedule the drug is released only at a set interval and the machine will not 
operate if the button is pressed sooner. This is commonly known as the lockout period. 
The usual lock out interval is about 20 – 30 minutes. 
The patient controlled epidural analgesia administers the drug in a similar manner, 
but to the epidural space. This is done by infusion pumps or intermittent boluses. This 
method is usually used in managing post operative pain, by women in labour and 
terminally ill cancer patients. 
Other routes of patient controlled analgesia are nasal, inhaled and transcutaneous. 
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The main advantage of this method is that pain is relieved faster as the drug 
administration is controlled by the patient. It is also seen that patient controlled analgesia 
reduces the intake of other medications. 
Disadvantage is that there might be chances of over dose or reduced dose if the 
device is not programmed. Some individuals who are confused might not be able to 
master the technique of self administration. People who lack manual dexterity also might 
be unable to operate the device properly. Critically ill patients also might not be able to 
use this system.  
A patient for whom the PCA is advised should 
1. Be willing to use it 
2. Be able to use it 
3. Be physically able to press the button 
 
Similar to this is the PCA by proxy where the pump is activated by anyone other 
than the patient. This is mainly found to be unauthorized. Hence Authorised agent 
controlled analgesia is recommended where trained individual is allowed to operate the 
pump in cases where the patient is not in a position to operate the mechanism. There are 
two varieties of the authorized agent controlled analgesia namely Nurse controlled 
analgesia and Care giver controlled analgesia. These should be programmed by an 
anaesthetist or member of pain control service. 
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Singelyn FJ et al 
3 
comparing patient controlled analgeisa, continuous three in 
nerve block and continuous epidural analgesia in 1998 suggested that the 3 in one block 
to be adopted as the technique of choice as it had fewer side effects, better pain relief  and 
faster rehabilitation. 
 
Chaumeron A 
4
 compared the effectiveness of femoral nerve block and 
periarticular injections in patients who underwent total knee arthroplasty and reported 
that the periarticular group reported less pain and less opioid consumption in the 
immediate post operative period. The quadriceps function was better in the periarticular 
group as this technique provide pain control along with avoiding the motor block that is 
seen with the femoral nerve block.  
 
Kerr DR and Kohan L 
5
 in 2008 reported the use of local infiltration of a cocktail 
of drugs in 325 cases that had total hip replacement, hip resurfacing and total knee 
arthroplasty. A mixture of ropivacaine, ketorelac and adrenaline was infiltrated into the 
tissues around the surgical field. The patients reported good pain control, early 
mobilization and shorter admission periods. They also reported that no morphine was 
needed for pain control in two thirds of the patients after surgery.  
 
Aditya V.Maheswari et al 
6
 in 2009 conducted a study on pain management in 
patients who underwent total hip and knee arthoplasty and suggested multimodal 
approaches for pain control. They emphasized the use of local, periarticular injections 
and minimizing the use of parenteral narcotics. They used a cocktail comprising mainly 
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of bupivaccaine along with morphine, epinephrine, methyl prednisolone acetate and 
cefuroxime for the periarticular injections. Though the use of parenteral narcotics have 
not been entirely discarded they conclude that the multimodal approach with local 
periarticular injections reduce complications as the unwanted side effects of narcotics are 
minimized.   
 
Arun Mullaji 
7
 in 2009 reviewed the effectiveness of a mixture of opiod, 
corticosteroid and a local anaesthetic for periarticular injections in patients undergoing 
bilateral TKR. They injected one of the two knees with the anaesthetic cocktail. They 
reported significantly lower pain scores and better quadriceps recovery on the side that 
had the periarticular injection of the anesthetic cocktail, as compared to the side that did 
not have the injection. 
 
Thorsell M et al 
8
 in his comparative study on total knee arthroplasty patients 
using local infiltration anesthesia technique with ropivacaine, ketorelac and adrenaline to 
epidural anesthesia reported earlier mobilization in the group treated with local 
infiltration technique. They concluded that this technique also offered better patient 
satisfaction and hence was better for postoperative pain relief than epidural anesthesia.   
 
 Spreng UJ et al 
9
 compared the efficacy of local infiltration anesthesia and 
epidural anaesthesia in total knee arthroplasty patients and reported that epidural 
anaesthesia provided better pain relief in the immediate postoperative period, where as 
local infiltration anaesthesia provided better pain relief after the initial 24 hours. Epidural 
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anaesthesia was associated with side effects as hypotension. Local infiltration group were 
mobilized faster, had showed better knee function and shortened hospital stay.  
 
 Sean VW et al 
10
 compared the effect of steroids in the periarticular infiltration 
solution and reported that the group which received the steroid reported lower pain 
scores, lesser morphine consumption and early discharge. Though there was better knee 
movement and better muscular strength in the steroid group in the early stages in the 
medium and long term evaluation the steroid group did not have any difference from the 
control group. 
 
In 2012 Scott C E et al 
11
 evaluated the effect of local periarticular infiltration on 
the incidence of heterotopic ossification seen after hip replacement and also on the opiod 
requirement postoperatively. They reviewed 118 cases without periarticular infiltration 
and 211 with periarticular infiltration. They inferred that heterotopic ossification was not 
reduced by the use of periarticular infiltrations, but they reduced the usage of opiods and 
reduced the length of hospital stay. 
 
Yuenyongviwat V et al 
12
 in 2012 evaluated the efficacy of bupivaccaine alone 
when used for periarticular injections for pain control in patients undergoing total knee 
arthoplasty and reported that it provided effective pain control, lesser complications and 
reduced consumption of morphine. 
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Nattapol Tammachote et al 
13
 compared the pain control effect of intrathecal 
morphine and multimodal drug injections in patients undergoing total knee arthroplasty. 
They found that though initially there was no difference between the two modalities, 12 – 
16 hrs postoperatively the intrathecal group consumed significantly more ketorelac and 
that the side effects of nausea and vomiting was also more in this group compared to the 
group treated with multimodal drug injections. 
 
In contrast to this in 2012 Crowley et al 
14
 reviewing 843 patients concluded that 
the studies that compared femoral nerve blocks to placebo or epidural injections failed to 
show any reduction in the length of hospital stay.  
 
A similar report was provided by Gibbs et al 
15
 where he reported that though the 
local anaesthetic infiltrations were associated with more pain control there was no 
evidence that this modality of treatment reduced the hospital stay. 
 
Wylde et al 
16
 in 2011 in his study to develop a protocol to determine the effect of 
local infiltration of a local anaesthetic to reduce postoperative pain in osteoarthritis 
patients undergoing total hip replacement and total knee replacement surgeries suggested 
that the chronic pain experienced by the patient post operatively may be related to acute 
post operative pain. He also suggested that if the chronic pain continues, the surgical 
treatment would have failed to attain its primary objective – that is relief from pain for 
which the patient has indeed undergone the treatment. 
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Other drugs used in the cocktail: 
Noradrenaline: 
Nor adrenaline is a catecholamine normally produced in the body by adrenal 
medullary cells. It acts as both hormone and neuro transmitter. It has the effect of 
vasoconstriction by increasing the peripheral resistance. In this cocktail the main function 
of noradrenaline is to cause local vasoconstriction so that the other drugs are retained at 
the site for a longer period of time, there by prolonging the effective anaesthetic action. 
Depomedrol:  
Depomedrol is an anti-inflammatory glucocorticoid for intramuscular, soft tissue, 
intra-articular, or intralesional injection. The suspension contains methyl prednisolone 
acetate, polyethylene glycol, polysorbate, monobasic sodium phosphate, dibasic sodium 
phosphate and benzyl alcohol.  The action is primarily anti inflammatory. Secondarily it 
alters the immune response of the body to various stimuli. Depo-Medrol has been used as 
adjunctive therapy in acute gouty arthritis, acute nonspecific tenosynovitis, epicondylitis, 
rheumatoid arthritis, acute and subacute bursitis and synovitis of osteoarthritis. In this 
cocktail we aim to utilize the anti-inflammatory effect of the drug thereby reducing the 
post operative morbidity.  
Morphine: 
This is derived from opium and is an analgesic drug acting on the central nervous 
system. Morphine is considered the gold standard in relieving intense pain. When 
administered by a parenteral route it gives a duration of action of about 3-4 hours.Side 
effects include constipation, addiction, tolerance and withdrawal. 
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Morphine acts on the myenteric plexus of intestine, inhibits gastric emptying and 
reduces propulsive peristalsis of the intestine. Along with this reduction of gut secretion 
and increase in intestinal fluid absorption leads to constipation. 
Morphine has been said to cause psychological, physical addiction. Development 
of tolerance also has been noted. 
Ketorolac: 
This is a commonly used analgesic classified under NSAIDS and is a heterocyclic 
acetic acid derivative. It acts by prevention of prostaglandin synthesis by competitive 
blocking of cyclooxygenase enzyme. This contributes to its analgesic, antipyretic and 
anti-inflammatory effects. 
In higher doses for therapy extending the use of ketorolac has been associated 
with gastrointestinal bleeding. In some cases allergic reactions, and fluid retention edema 
also have been reported. 
 
Cefazolin: 
This is a first generation cephalosporin. It is a beta lactam antibiotic. The drug is 
usually administered by a parenteral route commonly intravenous or intra muscular. In 
addition to its use for combating infections it is also used prophylactically.  For 
prophylactic use the drug is administered 60 minutes before the procedure and in 
procedures longer than 4 hours additional dose is given every 4 hours. Common dose is 
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2gms per dose for adults. Common spectrum against which cefazolin is effective include 
gram positive organisms, methiciliin susceptible Staphylococcus aureus and certain gram 
negative organisms as Escerichia coli and Klebsiella pnuemoniae. American academy of 
Orthopaedic surgeons recommend the use of cefazoline in orthopaedic surgeries. Total 
knee replacements are associated with high degree of deep wound infection. The infected 
prostheses are associated with large amounts of gram positive cocci. Hence the use of 
cefazolin in the analgesic cocktail might help prevent the deep wound infection. 
Peri operative medications 
Paracetamol - Metacin, Perfalgan: 
Paracetamol or acetaminophen is commonly used as an antipyretic and analgesic 
agent. It has relatively lesser side effects than NSAIDs and acts as a central analgesic 
agent. Hepatotoxicity is the main side effect commonly reported with doses ranging from 
1gm to 4 gm/day. 
Major orthopaedic surgeries have used intravenous paracetamol for pain control 
and it is said to afford pain reduction in the initial 6 hours of the post operative period. In 
such cases consumption of morphine also was reduced during the first 24 hours after 
surgery. 
NSAIDs:  
The use of anti-inflammatory medications as part of a multimodal regimen has 
been advised strongly. 
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NSAIDs exert their antipyretic, analgesic and anti-inflammatory effects by 
reducing prostaglandin production in peripheral tissues. These agents inhibit the activity 
of COX enzymes. We have used aceclofenac in our study as a perioperative medication. 
Aceclofenac is an analogue of diclofenac and commonly used for pain relief in 
rheumatoid arthritis and osteoarthritis. 
Ondansetron – Emeset: 
This is a serotonin receptor antagonist. It is indicated to prevent nausea and 
vomiting caused by surgery. It is well tolerated and has relatively less side effects. 
Commonly headache, constipation and dizziness are the reported side effects. 
Omez – Omeprazole: 
This is a proton pump inhibitor and prevents the final stage of acid production in 
the stomach. It is routinely used in the treatment of gastroesophageal reflux disease, 
peptic ulcer and erosive eosophagitis. Here this has a prophylactic action against the 
development of peptic ulcers secondary to the use of NSAIDs 
Pregabalin: 
This drug is a successor of gabapentin. Primarily it is an anticonvulsant drug 
usually used to control neuropathic pain. It has also been indicated in cases of 
fibromyalgia and in controlling anxiety disorders.  
37 
 
It is not seen to be very effective in controlling acute pain. Some clinical trials in 
which pregabalin was used did not report any effect on postsurgical pain, but the 
consumption of morphine was found to be less in these cases leading to lesser side effects 
of morphine. 
Common side effects include dizziness and drowsiness. Less common side effects 
reported are diplopia, blurred vision, weight gain and ataxia. 
Cremaffin: 
Contains liquid paraffin and milk of magnesia and is a laxative. This might help 
to reduce the constipation produced due to the morphine in cases of TKR 
Isabgul: 
Isabgul is psyllium seed husk. These are indigestible. They are a source of natural 
dietary fibre. They help to regulate normal gastrointestinal transit and relieve 
constipation. They are available in dried powdered form which is consumed after mixing 
with water. They are also available as capsules. 
Others: 
Major orthopaedic surgeries like hip and knee replacement are associated with a 
high risk of deep vein thrombosis. This forms the most common cause of re admissions in 
this patient group.  The natural history of deep vein thrombosis has shown that, in many 
this causes no symptoms. But in a few, ongoing stasis of venous system during the post 
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operative period emboli can expand, and break free leading to pulmonary embolism, 
often after the patient leaves the hospital.  
Several measures are currently used prophylactic ally, including elastic stockings, 
intermittent pneumatic compression to reduce stasis, aspirin and various forms of 
anticoagulation to counteract hypercoagulability. Passive measures like elastic stockings 
have been in use for years and do help in preventing venous thrombo embolism. The 
rationale of elastic stockings usage and raising the foot end of the bed is the belief that if 
the venous stasis is minimized thrombosis is unlikely. Compared to this, intermittent 
pneumatic compression of the calf muscles has a much better preventive capability. 
Suppression of major stimulus for local thrombin development due to stasis is the aim of 
chemical thrombo prophylaxis. Aspirin as an inhibitor of thrombin generation is only 
modest, and in major surgeries associated with hypercoagulability aspirin alone is 
unlikely to be sufficiently protective. Over the years anticoagulants used against 
thromboprophylaxis include warfarin, heparin and low molecular weight heparin. It has 
shown that all these agents are equally effective in the prevention. The disadvantage of 
anticoagulation is its risk of bleeding. This price to pay to prevent thromboembolism 
seems acceptable since most of the bleeding associated with this is minor. Advantage of 
low molecular weight heparin compared to warfarin and heparin is, this does not need 
close monitoring. The duration of therapy according to the current guidelines is to extend 
the recommended prophylaxis for 10 days. This is in addition to the mechanical 
prophylaxis and aspirin which are given concomitantly. Aspirin tablets are usually 
continued for six weeks. Mechanical prophylaxis includes active dorsiflexion and plantar 
flexion movements of the ankle and passive mobilization of the ankle along with calf 
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massage. The above protocol is titrated according to the severity of the risk involved in 
the development of deep vein thrombosis. In our institution post operatively all patients 
undergoing total hip and knee replacements receive anticoagulant therapy according to 
the anti deep vein thrombosis prophylaxis protocol.  
 
Anatomy of the knee joint: 
The knee is a hinge type of synovial joint that has movements which are complex. 
The movements are flexion, extension and rotatory. The main bones associated with knee 
are the distal end of femur, the proximal end of tibia and the patella. The functional 
compartments of the knee joint include patellofemoral, medial and lateral tibiofemoral 
joints. These bones are bathed in the synovial fluid encompassed inside the synovial 
membrane called the capsule. The medial and lateral condyles of the femur articulate 
with the proximal tibial condyles to form the medial and lateral tibiofemoral joints 
respectively. The femoral condyles diverge posteriorly and distally with the lateral 
femoral condyle wider in the anterior aspect than the posterior aspect while in 
comparison with the medial condyle. It also presents with an intercondylar notch in the 
posterior aspect. The radius of the condyles in a sagittal plane reduces anteroposteriorly. 
  
The tibial aspect of the joint consists of the medial and lateral tibial condyles 
separated by an intercondylar eminence composed of lateral and medial tubercles.  
The patella is a sesamoid bone developing from the quadriceps tendon. The 
posterior aspect of patella has a medial and lateral articular surface which in turn 
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articulates with the condylar groove of the femur. At birth the patella is represented by a 
cartilage. This gets ossified by the age of 3 – 5 years.  
 
In addition to the osseous components, the knee joint comprises of articular 
cartilage which covers the bony ends and disks or menisci. The articular cartilage is thin 
elastic tissues that protect the bone ends and prevent them from rubbing against each 
other. The knee joint has both hyaline and fibrous cartilage. The articular cartilage are 
mainly hyaline in nature where as the menisci are made up of fibrous cartilage. The 
cartilage has very low self regenerative capacity and hence is prone for degeneration. The 
hyaline cartilage on repeated stress undergo repair and is replaced by fibrous cartilage 
which is of less functional quality and has greater potential for degeneration. 
 
Menisci are semilunar fibrocartilagenous structures seen inside the knee joint. At 
the centre of the knee joint these menisci are flattened. They are fused to the synovial 
membrane at the periphery. The menisci deepen the tibial sockets and thus   disperse the 
forces that come into play at these bony ends by its concave shape and cartilaginous 
nature. This shock absorption nature of the menisci makes it more prone to traumatic 
injuries.   
The other structures that stabilize the knee joint are the ligaments namely the 
medial and lateral collateral ligaments and the cruciate ligaments. They can be divided 
into extra capsular and intra capsular. 
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The intra articular structures include anterior and posterior cruciate ligaments. 
The anterior cruciate ligament extends from the lateral condyle of the femur to the 
anterior intercondylar area. The primary function of this ligament is to prevent the 
anterior translation of the tibia relative to the femur. The posterior cruciate ligament 
extends from the medial condyle of the femur to the posterior intercondylar area of the 
tibia. This prevents the posterior translation of the tibia relative to the femur. The 
transverse ligaments, meniscofemoral and meniscotibial ligaments are of lesser 
importance. The transverse ligament serves to attach the two menisci anteriorly. The 
anterior and posterior meniscofemoral ligaments extend from the posterior horn of the 
lateral meniscus to the medial femoral condyle. The meniscotibial ligaments or coronary 
structures extend from the inferior edges of the menisci to the periphery of tibia.  
Extracapsular ligaments include the patellar ligament and the collaterals. The 
patellar ligament extends between the inferior pole of the patella and the tibial tubercle. 
The primary role of this ligament is to provide a mechanical leverage to the joint. The 
collaterals include the medial and lateral collateral ligaments. The medial collateral 
ligament stretches from the medial tibial condyle to the medial epicondyle of the femur. 
The main function of this ligament is to prevent valgus strain.The lateral collateral 
ligament stretches from the head of the fibula to the lateral femoral epicondyle. The 
primary role of this ligament is to prevent varus strain.   
The movements permitted by the knee joint are mainly flexion and extension 
along the transverse axis. In the flexed position minimal medial and lateral rotation is 
also possible. The total range of motion is determined by the collateral ligaments and the 
musculature.  In the extended position the stability of the joint is maintained by the 
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collateral ligaments and in the flexed position this is maintained by the cruciate 
ligaments.  
Blood supply to knee arises from femoral (Descending genicular – articular and 
saphenous), popliteal (Superior medial genicular, middle genicular, inferior middle 
genicular, superior lateral and inferior lateral genicular), tibial (Anterior and posterior 
tibial recurrents) and anastomosis from descending branch of lateral circumflex femoral 
arteries. 
The knee joint is innvervated by branches from obturator, femoral, tibial and 
common peroneal nerves. Other nerves associated with the knee joint include the 
saphenous nerve, the infra patellar branch of the saphenous nerve, the sural nerve,the 
medial sural cutaneous nerve and lateral sural cutaneous nerve, the superficial peroneal 
nerve as well as the deep peroneal nerve. 
The obturator nerve arises from the anterior rami of the nerves L2 to L4. After 
dividing into anterior and posterior branches these supply cutaneous innervation to the 
medial aspect of the upper part of the leg and articular branches to the knee joint. 
The femoral nerve arises from the anterior rami of nerves L2 to L4.Cutaneous 
branches of the femoral nerve include medial and intermedius cutaneous nerves as well 
as the saphenous nerve. Articular branches of the femoral nerve supply the hip and knee 
joints. The saphenous nerve is a branch of the femoral nerve. It supplies the skin on the 
medial side of the knee, leg and foot. The saphenous nerve also gives rise to the infra 
patellar branch, which pierces the sartorius muscle.  
43 
 
The nerve associated with the posterior compartment of the leg is the tibial nerve, 
a major branch of the sciatic nerve that descends into the posterior compartment from the 
popliteal fossa. It also gives rise to the medial sural nerve, which is a cutaneous nerve that 
supplies the middle of the back of the leg. 
Common peroneal nerve originates proximal to the popliteal fossa and gives rise 
to the superficial and deep peroneal nerves. It also gives rise to the lateral sural nerve, 
which is a cutaneous nerve that supplies the lateral part of the back of the leg.  
The lateral and medial sural nerves usually combine to form the sural nerve which 
is the cutaneous nerve of the back of the leg. 
Assessment of Osteoarthritis 
The pain, physical function and stiffness in patients suffering from osteoarthritis 
are assessed using Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) using 24 parameters. This can be used to monitor the course of the disease or 
to determine the effectiveness of anti-rheumatic medications.  
 
Pain:  
(1) Walking  
(2) Stair climbing  
(3) Nocturnal  
(4) Rest  
(5) Weight bearing  
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Stiffness:  
(1) Morning stiffness  
(2) Stiffness occurring later in the day  
Physical function:  
(1) Descending stairs  
(2) Ascending stairs  
(3) Rising from sitting  
(4) Standing  
(5) Bending to floor  
(6) Walking on flat  
(7) Getting in or out of car  
(8) Going shopping  
(9) Putting on socks  
(10) Rising from bed  
(11) Taking off socks  
(12) Lying in bed  
(13) Sitting  
(14) Sitting  
(15) Getting on or off toilet  
(16) Heavy domestic duties  
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(17) Light domestic duties  
While the index was being developed performance of social functions and the 
status of emotional function were also included. These were not included in the final 
instrument.  
Social function:  
(1) Leisure activities  
(2) Community events  
(3) Church attendance  
(4) With spouse  
(5) With family  
(6) With friends  
(7) With others  
Emotional function:  
(1) Anxiety  
(2) Irritability  
(3) Frustration  
(4) Depression  
(5) Relaxation  
(6) Insomnia  
(7) Boredom  
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(8) Loneliness  
(9) Stress  
(10) Well-being  
Scoring and interpretation is done according to the response. Points are given for 
each response and according to severity, if the response is slight or mild one point, two 
for moderate, three for severe and four for the extreme are given. 
 
Knee society score: 
 
Developed in 1989 the knee society considers all the existing rating systems and 
keeps the functional assessment and knee ratings separate. Only three parameters of pain, 
stability and range of motion are considered for knee assessment. Flexion contracture, 
extension lag and malalignment are considered as deductions. For a well aligned knee 
without pain a 100 point score is obtained with a 125 degree motion and negligible 
instability anterioposteriorly and mediolaterally. Function considers walking distance and 
stair climbing with deductions for walking aids. A patient who can walk unlimited 
distance and go up and down the stairs normally is given a maximum functional score of 
100. 
In the original method the knees and functional score are separate and do not alter 
with an increase in the age or with the severity of their medical condition.  
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Patient category  
A. Unilateral or bilateral (opposite knee successfully replaced)  
B. Unilateral, other knee symptomatic  
C. Multiple arthritis or medical infirmity  
Objective Scoring  
Pain Points  
None    50  
Mild or occasional  45  
Stairs only   40  
    Walking & stairs    
Moderate   30 
    Occasional   20  
    Continual  10  
Severe  0  
 
Stability (maximum movement in any position)  
Anteroposterior  
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     <5 mm          10  
5-10 mm  5  
10 mm  0  
Mediolateral  
     <5º   15  
6º -9º   10  
10º -14º  5  
15º   0  
Flexion contracture  
5º -10º  -2  
10º -15º  -5  
16º -20º  -10  
>20º  -15  
Extension lag  
<10º  -5  
10º -20º  -10  
>20º  -15  
49 
 
Alignment  
5º -10º  0  
0º -4º  3 points each degree  
11º -15º  3 points each degree  
Range of motion  
(5º = 1 point)  25  
 
Functional Scoring  
Walking     
Unlimited   50  
>10 blocks   40  
5-10 blocks   30  
<5 blocks   20  
Housebound   10  
Unable   0 
Stairs  
Normal up & down   50  
Normal up, down with rail  40  
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Up & down with rail   30  
Up with rail; unable down  15  
Unable    0  
Functional Deductions  
Cane     -5  
Two canes    -10  
Crutches or walker   -20  
Other     20  
If total score is a minus number, the knee score is zero. 
A modification of this was proposed by Insall in 1989. Even this was a physician 
assessed one and had no correlation between the physician assessed knee scores and 
patient derived satisfaction scores. Hence a new scoring system was developed and 
copyrighted in 2011 
17
 which included objective physician derived component and 
subjective patient derived component that evaluates pain relief, functional abilities, 
satisfaction, and fulfillment of expectations.  
The new knee society scoring system has five components 
1. Patient Demographics 
2. Objective Knee Score - completed by the surgeon. 
3. Patient Expectations – completed by the patient 
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4. Patient Satisfaction Score – completed by the patient 
5. Functional Knee Score– completed by the patient 
Preoperatively patients supply demographic information, and complete questions 
relating to their symptoms (pain measures), knee function, satisfaction with their current 
functional activities, and expectations of the results of the TKA. The surgeon completes 
information on Charnley functional classification and objective information on the 
alignment, instability, and range of motion of the knee. 
 
The purpose of the present study was to assess the efficacy of periarticular 
infiltration of an analgesic cocktail, in terms of effective pain control and early 
rehabilitation following TKR. This was done by comparing the efficacy and 
complications i.e.: outcome with the current method of postoperative pain control 
protocol at our institution i.e. epidural analgesia:  epidural infusion of 0.1% Bupivacaine 
and 2mcg/cc Fentanyl @4-6ml/hour with periarticular injection for pain control and early 
ambulation. 
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MATERIALS AND 
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53 
 
MATERIALS AND METHODS 
Type of study: A randomized controlled trial. 
Setting: 
The study was conducted in the orthopaedic department at Christian Medical 
College, Vellore between October 2013 and September 2014. 
Cases and controls were evaluated in the orthopaedic outpatient department and 
explained about the study in detail and were given an information sheet for clarifications. 
Informed valid consent was taken. Patients were then admitted and were posted for 
unilateral total knee arthroplasty. 
Eligibility criteria: 
Patients undergoing unilateral TKR. 
Exclusion criteria: 
Bilateral TKR 
Elderly >80 years 
Revision TKR 
History of Arrhythmia/Cardiac complications 
Those not willing to give consent. 
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Sample size calculation 
   
Non-inferiority-Two Group- Parallel – 
Two Means-Equal allocation 
Non-inferiority margin -1 -1.5 
Observed/Expected difference 0 0 
Standard deviation 1.5 1.5 
Effect size 0.67 1 
Power (1- beta) % 80 80 
Alpha error (%) 5 5 
Required sample for the group I 28 12 
Required sample for the group II 28 12 
 
Table 1: Sample size computation 
The mean (sd) of the pain scale on a 10 point Likert scale, currently is about 4 
(SD=1.5). Keeping the non-inferiority margin at 1.5 with alpha and beta errors at 5% and 
20% respectively, the sample size needed was 12 subjects in each arm.  
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Method 
New clinically diagnosed cases and controls were recruited for the study. Patients 
were explained about the study in detail and patient information sheet was given to the 
patient. Informed valid consent was obtained from patients who were willing to participate 
in the study. The proforma for the study was filled in the OPD and patient details were 
obtained. Patients operated in Orthopaedic unit II were included in the study. On admission 
the principle investigator collected the relevant demo graphic and clinical data using the 
predesigned proforma (appendix). History of diabetes mellitus and rheumatoid arthritis if 
any was taken. Parameters like walking distance, aids used, preoperative pain score (using 
the 11 point NPF (Numeric Pain Score) for pain), analgesics used etc was noted.  
 
Visual analog score: 
 
 
Figure 1: Visual analogue scale 
56 
 
Preoperative knee assessment was done using knee society score. Range of 
movement was measured preoperatively. Extensor lag if any was also noted. X-rays were 
reviewed and the deformity present documented.  
The patients were randomized into two arms by block randomization.  
In one arm, the patients received epidural analgesia for 48 hours post operatively. 
 In the other arm, the patients received periarticular injection of an anaesthetic 
cocktail of drugs.  
 
 
Medications given in the peri operative period included 
1. Tab.Aceclofenac 100milli gram bd( to be started 24 hours before surgery) – omit if 
creatinine  >1.3 x 2 weeks 
2. Tab.Omez 20 milli gram bd( to be started 24 hours before surgery) x 2 weeks 
3. Post operaively:Inj Prefalgan 1gram Q6H IV x 48 hours followed by Tab.Metacin 
1gram Q6H x 7days 
4. Tab.Pregabalin 75 milli gram bd ( to be started 24 hours before surgery) x 4 days post 
operatively 
5. Inj Emeset 8 mg Q8H x 48 hours 
6. Morphine 5milli gram s/c PRN – for increased pain  - as judged by the patient  upto 
Q4H 
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Other drugs included 
 Anticoagulation as per protocol ( Appendix ) 
 Cremaffin 2 tea spoon HS OD x 7 days 
 Isabgul 2tea spoon HS OD x 7 days 
 DMRADs from day 8 
 
ORTHOPAEDIC OPERATING ROOM SETTING 
All clinically diagnosed cases underwent a total knee replacement in our main 
operation theatre. Surgery was performed under GA (general anaesthesia)/spinal 
anaesthesia as per management plan by the anaesthesia staff using a standard medial 
parapatellar arthrotomy. A few relevant steps in the procedure are mentioned below: 
Tranexamic acid 10-15milli gram /kilo gram – 3 doses was injected intravenously 
for control of blood loss starting approximately 15 minutes before tourniquet release. Two 
further doses at 3 hour interval were also given subsequently. This was used for all patients 
in this study. 
A tourniquet was used for all patients, and it was set to a pressure between 300 milli 
meter of Hg ( Mercury )and 350 milli meter of Hg depending on the patients BP (Blood 
Pressure ) (With pressure equal to the systolic blood pressure of each patient plus 150 mm 
Hg) before skin incision and deflated before wound closure. 
The implant used included Posterior stabilised and Cruciate retaining knees, from 2 
companies – Genesis II (Smith & Nephew, Memphis, TN, USA) and PFC Sigma (DePuy, 
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Johnson & Johnson, Warsaw, IN, USA).  The patella was replaced if a Posterior stabilised 
knee was used or if the patella was very badly eroded.  
A closed suction drain was placed in the knee joint before wound closure and 
removed 48 hours after wound closure.   
Postoperative blood loss in the drains was noted.  
 
As mentioned before, randomization using opaque envelope (Phase 3 study) into 
either arm was done preoperatively by the principle investigator, and the anaesthetist was 
informed about the proposed method of postoperative pain control prior to the surgery.  
 
The Peri-capsular Cocktail of anaesthetic drugs used for pain control include  
 50ml 0.2% Ropivacaine 
 10 ml Saline 
 0.3 ml Noradrenaline (0.6mg) 
 40mg Depamedrol ( Methyl prednisolone acetate) 
 10mg Morphine 
 30 mg Ketorelac 
 1 gm Cefazolin 
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The first 30 ml of the cocktail mixture was injected into the posterior knee capsule 
and soft tissue around the medial and lateral collateral ligaments before implantation of the 
actual components.  
The quadriceps muscle, retinacular tissues, pes anserinus, and suprapatellar and 
infrapatellar fat pat were then infiltrated with the rest of the cocktail while the cement 
was setting. 
 
 
 
Pictures 1-3: Pictures showing the analgesic cocktail mixture being injected 1: 
Posteromedial strucures 2: Posterior capsule 3: Periosteum and gutters (Before 
implantation of the actual components) 
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Reproduced from: J Bone Joint Surg Am,2011 Oct 19;93(20):1938-1943. 
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The 2
nd
 arm received analgesia via an epidural line. The epidural infusion was given 
using an infusion pump with 0.1%Bupivacaine mixed with 2mcg/cc of Fentanyl given @4-
6ml per hour for the first 48 hours post operatively. The dosage was increase if pain was 
not controlled. The increase in flow rate was noted, as was any bolus injections for 
additional pain control. 
 
 
 
Picture 4: Picture showing the epidural space with anaesthetic drug 
Reproduced from: http:// www.tsvs.net/js/blog/376/epidural-anesthesia-and-analgesia 
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Reproduced from: http://withbabysolutions.com/epidural-anesthesia-childbirth/ 
Post operatively data regarding surgical date, side operated, anaesthesia used, 
components used, patella resurfacing done or not, type of knee whether posterior stabilized 
or cruciate retaining and the type of post operative analgesia (Epidural or analgesic 
cocktail) were documented. 
Pain experienced by the patient using the NPS for pain was assessed 
postoperatively by the primary investigator on a daily basis. The pain score was determined 
every 4 hours by the nurses, and the patient was also reviewed by the principle investigator 
on a frequent basis. The highest NPS score for the day was noted, and recorded. The pain 
scores were noted on day 1-3, and again on day 10 prior to discharge. 
Picture 5: Picture showing the epidural 
space 
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Dosage of epidural infusion given in the post operative period was noted as well as 
any changes in the flow rates and any extra morphine/epidural bolus for breakthrough 
pain relief if any were also documented. For those who got pericapsular injections, the 
extra boluses of morphine were noted- for breakthrough pain.  
Post operative physiotherapy schedule –  
All patients were encouraged to perform foot pump exercises in bed and 
encouraged to do SLR (Straight leg raise) from the day 1 of the surgery – initially with a 
brace, and subsequently without.  
Days to do active SLR with the brace in the supine position and lag on supine i.e.: 
SLR without the brace was documented. On the second day, they were encouraged to sit 
with the legs out of the bed, and do active quadriceps strengthening.  
Amount of knee flexion possible and the lag on extension while sitting from the 
second post operative day were also documented.  
Later all were encouraged to walk with a walker after the drain was removed. A 
brace for the knee was used till the patient could do an active SLR. They were started on 
active and passive range of movement exercises by sitting at bedside.  
Number of days taken to walk 50 meters without brace and to climb a flight of 14 
steps was documented.  
All patients were discharged when they met the discharge criteria, which include 
being able to get in and out of bed independently, independently ambulate with a walker 
for 100 meters, and climb 20 steps.  
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The distance walked in 6 minutes with a walker was recorded on the 10
th
 post op 
day.  
Peri operative complications if any were also documented. 
Adverse Events: Definitions  
Nausea and vomiting:  
Mild: Vomiting sensation with minimal retching. 
Moderate: Significant retching + Vomiting- 1 episode. 
Severe: More than 1 episode of vomiting. 
Pruritis:  
Mild: Minimal itching sensation  
Moderate: Moderate Itching sensation - enough to disturb the patient -   
not requiring medications 
Severe: Itching sensation requiring medications 
Urinary retention: 
Mild: Feeling of abdominal fullness not requiring any treatment modalities like 
cold packs. 
Moderate: Feeling of abdominal fullness with discomfort requiring other 
treatment modalities like cold pack to enable voiding. 
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Severe: Retention requiring catheterization. 
Summary of Outcome measurement 
i. Primary Outcome: 
i. Pain - as estimated by the patients using a NPS till 72 hours post-
operatively. The NPS for pain ranges from 0 (indicating no pain) to 10 
(indicating extreme pain). Patients were advised to record the NPS every 4 
hours and the highest pain score was noted for the first 3 days, and at the 
time of discharge. 
ii. Function - Distance walked in 6 minutes on the 10th post op day. 
 
ii. Secondary Outcome/s: 
i. The amount of Morphine s/c consumption until 48 hours after surgery  
ii. Time taken to do a SLR with 5 degree lag; and 0 degree lag  while supine  
iii. Time taken to be able to climb up a flight of 14 steps. 
iv. Time taken to be able to walk 50 metres with walker (without knee brace). 
v. Distance walked in 6 minutes on the 10th post op day. 
Other parameters: 
vi. Morphine-related side effects: Morphine-related side effects consisted of 
the incidence of nausea, vomiting, pruritis, urinary retention, and 
respiratory depression. 
vii. Blood loss collected in closed suction drainage.  
viii. Range of movement at Day 10. 
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Statistical Analysis 
The data were analyzed using a repeated-measure ANOVA to compare the 
amount of morphine consumption, NPS for pain, range of movement and post operative 
functional rehabilitation capability.  
Protocol Synopsis 
 
Project Organizational Chart, Personnel  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FLOW CHART 1: 
Primary TKR n=25 
Demo graphic and clinical data collection (Appendix)  
Pre operative pain control protocol 
Randomized allocation 
POST OP PAIN CONTROL 
Gr2-Periarticular injection n=13. 
50ml 0.2% Ropivacaine, 10 ml Saline, 
0.3 ml Noradrenaline (0.6mg), 
40mg Depamedrol (methyl prednisolone 
acetate), 10mg Morphine, 30 mg Ketorelac. 
1 gm Cefazolin 
 
 
 
Gr1 -Epidural analgesia. n=12. 
0.1%Bupivacaine and 2mcg/cc of Fentanyl 
@4-6ml per hour for 48 hours 
Clinical data collection completion (Appendix) 
Post operative pain control assessment 
Functional outcome assessment 
 
Analysis and Comparison 
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RESULTS & ANALYSIS 
                                          
A total of 27 patients were included in the study. One of the patients was excluded 
due to protocol deviation (The epidural pump was not available in the ward hence pain 
was controlled with Inj. Morphine given sub-cutaneously). 
Overall Study Status 
 
Enrolled – 27 
 
 
Randomized 
 
12 in epidural arm     14 in pericapsular injection arm 
 
 
One removed from the study  
 
All patients results available. None discontinued from the study. All consented for study. 
FLOW CHART 2 
 
 
            Figure 2: Bar diagram showing the analgesia used 
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Diagnosis:  
They comprised 21 osteoarthritis, four rheumatoid arthritis and one gouty arthritis 
(Figure 3). Osteo arthritis formed the major part of the control study group forming (81 % 
of the study). The other arthritis knees studied were rheumatoid and gouty arthritis. Of 
these knees 12 had epidural infiltration and 14 had analgesic cocktail (Figure 2). Those 
patients who received analgesic cocktail, all had osteoarthritic knees. 
 
 
Figure 3: Pie diagram showing the various types of arthritis  
Diagnosis
Osteo arthritis
Rheumatoid 
arthritis
Gouty arthritis 
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Figure 4: Bar diagram showing the number of arthritic knees and the type of analgesia given  
Sex ratio of the control population: 
There were 11 males and 15 females with females forming 58% of the study 
population (Figure 5). Of this five males and seven females had epidural and six males 
and eight females had peri capsular injection of the cocktail (Figure 6). Males comprised 
42 % of the study population.  
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Figure 5 & 6: Pie and bar diagram showing the sex ratio and the type of analgesia given 
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Age distribution: 
Middle aged people formed most of the study group. The mean age of the 
study population was 58 years. The mean age of those patients who received epidural 
infiltration was 56 years and that of the analgesic cocktail was 59 years. The lowest age 
group studied being 29 years and the oldest being 71 years. 
 
Presenting complaints: 
The chief presenting complaint of all the patients in the study group was 
pain and deformity though the duration was variable. Other symptoms were difficulty in 
doing activities of daily living, stiffness and locking. The duration of deformity and pain 
were variable. 
  
Sides affected: 
Left knees were seen more commonly affected than the right.18 knees of the 26 
knees studied were left and the rest were right (Figure 7). Of the studied, eight left knees 
and four right knees were given epidural infiltration and ten left and four right knees had 
analgesic cocktail (Figure 8). 
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Figure 7 & 8: Pie diagram showing the number of each side and the bar diagram showing the type of 
analgesia given 
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Variables Epidural  
(N=12) 
Per capsular 
injection 
(N=14) 
P Value 
Age 56 ± 11.35 59 ± 8.64 0.327 
Sex              
             Male 
             Female 
 
5 (42%) 
7 (58%) 
 
6 (43%) 
8 (57%) 
 
1.000 
Side 
 Right 
Left 
 
 
4 (33%) 
8 (67%) 
 
 
4 (29%) 
10 (71%)  
 
 
1.000 
Diagnosis 
 OA 
 RA 
 GOUT 
  
7 (58%)     
4 (33%) 
1 (9%)  
 
14 (100%) 
- 
- 
 
0.087 
Pre operative 
functional score 
(KOSS) (0-100) 
45.83 ± 32.46 59.29 ± 19.79 0.274 
 
Table 2: Table depicting demographics 
Co- morbidities: Diabetes: 
The prevalence of diabetes in this study population was 34%.Nine out of 
26 patients had diabetes. Five out of nine had epidural and the rest analgesic cocktail with 
no statistical significance (p value 0.683) (Figure 9). 
Variables Epidural  
 
Per capsular 
injection 
 
P Value 
Diabetes 
              Yes 
               No 
 
5 (42%) 
7 (58%) 
 
4 (29%) 
10 (71%) 
 
0.683 
 
Table 3: Table depicting percentage of diabetes  
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Figure 9: Pie diagrams showing the percentage of diabetic patients  
Figure 10: Pie diagrams showing the percentage of diabetes and the type of analgesia  
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Walking distance: 
  The mean walking distance of the study group before surgery was 609 
meters in total. The mean walking distance for the epidural group was 413 meters and of 
the analgesic cocktail group 777 meters. Walking distance in comparison was much more 
affected among the epidural group than the cocktail group indicating a severe disease 
process but was not significant statistically (p= 0.649). 
 
Variables Epidural  
 
Per capsular 
injection 
 
P Value 
Walking distance 
 
450 ± 513 723 ± 1050 0.649 
 
Table 4: Statistical analysis of walking distance 
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Graph 1: Graph showing difference in the walking distance between the groups 
Aids used: 
  42 % of the study population used some kind of support for ambulation 
before surgery. Among the epidural group 50 % did not use any aid for walking. One of 
the patients was wheel chair bound and another used the support of two people while 
taking steps. The rest used a walking stick for support. Among the analgesic cocktail 
group nine out of 14 did not use any aid. The rest five used a walking stick (Figure 11). 
On analysis both the groups were equal on aid usage and there wasn‟t any statistical 
significance (p value 1.0). 
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Variables Epidural  
 
Per capsular 
injection 
 
P Value 
Aids used 
              Yes 
               No 
 
 
5 (42%) 
7 (58%) 
 
5 (36%) 
9 (64%) 
 
1.000 
 
Table 5: Statistical analysis of aids 
 
Figure 11: Bar diagram showing the distribution of aids used and the type of analgesia given 
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Pre operative pain score: 
  Average preoperative pain score of the epidural group was 6.25 compared 
to 5.4 in the analgesic cocktail. The maximum pain experienced by the epidural group 
was ten and of the analgesic cocktail was nine. The minimum pain score being two and 
zero. There was no significant statistical difference in the preoperative pain scores 
between the two groups on analysis (p value 0.494).  
 
 
 
Variables Epidural 
 
       Per capsular injection 
 
    P Value 
Pre operative pain 
score 
 
         6.25±2.26 5.57±2.65      0.494 
  
Table 6: Statistical analysis on pre operative pain score 
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Graph 2: Graph depicting the pre operative pain score 
Analgesics used: 
   50% of epidural group used pain killers for pain control as a daily basis for 
activities of daily living while five out of 14 (36%) in the analgesic cocktail group. The 
rest 50% in the epidural and the 64% in the analgesic cocktail did not use any kind of 
analgesic medications for ambulation, even though few used pain killers as PRN basis for 
severe pain ( Two out of 12 in epidural and four out of 14 in analgesic cocktail ) ( Figure 
12 ).  The difference in the usage of pain killers was not significant (p value 0.401).  
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Figure 12: Bar diagram showing the number of patients using analgesics and the analgesia given 
Knee society score: 
  Knee society score has two components: Knee score and functional score. 
This was assessed for all the study subjects. The mean average score of the study subjects 
were 50.The score of the analgesic cocktail being higher than the epidural group. The 
analgesic cocktail had a score of 53 when compared to 46 for the epidural group. The 
mean average functional score was 53 for the whole study group. Both the scores were 
marginally better in the analgesic cocktail group but the difference was not statistically 
significant (p value 0.306). 
 
0
2
4
6
8
10
12
14
16
Epidural Analgesic cocktail
Yes
No
N
u
m
b
e
r
s
82 
 
Variables        Epidural 
 
       Per capsular injection 
 
    P Value 
Knee society score 
 
46±15.12 52.93 ± 18.14 0.306 
 
 
Table 7: Table showing statistics on the knee society scores 
 
Graph 3: Graph showing knee society score 
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Graph 4: Graph depicting functional score 
Pre operative assessment: 
Pre operatively all the subjects were examined with special reference to 
range of movement and lag on straight leg raising in the sitting posture. In the group 1 
(analgesic cocktail group) five and in the group 2 (epidural group) three had no fixed 
flexion deformity, the rest everyone had a deformity compromising extension. Fixed 
flexion deformity in the epidural group ranged from: 5-10 degrees three patients, 10-15 
degrees three and three with 30 degrees. In the analgesic cocktail group this was 5-10 
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degrees three, 10-15 degrees four, and 20-30 degrees two. Range of movement: In the 
epidural group ten patients had 90 degrees and more flexion. One had less than 30 and 
one had a range 60 to 90 degrees movement. In the  analgesic cocktail group it was 11 
with the range 90 and more, two with less than 90 and one with a range 30-60 degrees     
( Figure 13 ). Range of movement was not severely affected as expected in the epidural 
group being associated with severe disease. In the epidural group three had full extension 
and in the analgesic cocktail group it was four. One of the patients in the analgesic 
cocktail had a hyper extension of 10 degrees. Pre operative range of movement was better 
in epidural but wasn‟t significant statistically (p value 0.315).    
Variables        Epidural 
 
       Per capsular injection 
 
    P Value 
Range of movement 
 
115 ±34.99 102 ± 24.21 0.315 
 
 
Table 8: Table showing range of movement statistical analysis 
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Graph 5: Graph showing range of flexion between the groups 
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 Figure 13: Bar diagram showing the pre operative range of movement and the analgesia given 
Pre operative assessment of lag on extension of the knee in the sitting posture: 
  This was done in all subjects. In the epidural group only four had full 
extension with no lag when compared to seven in the analgesic cocktail group. Lag in the 
epidural group ranged from: Six had 5-10 degrees and two had more than 10 degrees. In 
the other group (Analgesic group) this was: Six with 5-10 degrees and one had more than 
ten degrees (Figure 14). Even though this was more in the analgesic cocktail group 
statistically this wasn‟t significant (p value 1.000). 
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Variables        Epidural 
 
       Per capsular injection 
 
    P Value 
Lag on extension in 
sitting position 
 
5.27 ±3.07 6.22 ± 5.24 1.000 
 
Table 9: Tables showing statistical analysis s
 
Figure 14: Bar diagram showing the pre operative lag in the sitting posture and the analgesia 
given 
Anaesthesia used: 
  11 out of 12 in epidural and 13 out of 14 in the analgesic cocktail group 
was done under spinal anaesthesia. One of the patients in the epidural group was 
converted to general anaesthesia after a spinal and in the cocktail group one was done 
under general anaesthesia to start with. 
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Implants used: 
The implant used included PS and CR knees, from 2 companies – Genesis 
II (Smith & Nephew, Memphis, TN, USA) and PFC Sigma CR fixed bearing (DePuy, 
Johnson & Johnson, Warsaw, IN, USA).  The patella was replaced if a PS knee was used 
or if the patella was very badly eroded. In the epidural group eight had PFC and four had 
Genesis II while in the analgesic cocktail group eight had PFC and six Genesis II 
implants (Figure 15). Of this eight in the epidural and 12 in the analgesic cocktail had 
cruciate retaining and four in the epidural and two in the analgesic cocktail had posterior 
stabilized type of knees (Figure 16). Patellar replacement was done in six out of 12 in the 
epidural and five out of 14 in the analgesic cocktail group (Figure 17). 
  
Figure 15: Bar diagram showing the different implants used and the analgesia given 
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Figure 16: Bar diagram showing the different type of knees used and the analgesia given 
 
Figure 17: Bar diagram showing the number of patellar replacement among the analgesia groups 
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Variables        Epidural 
 
       Per capsular injection 
 
Type of knee 
               PFC 
               Genesis II 
 
 
8 (67%) 
4 (33%) 
 
8 (57%) 
6 (43%) 
Type of knee 
              CR 
              PS 
 
8 (67%) 
4 (33%) 
 
12 (86%) 
2 (14%) 
Patella replacement 
            Yes 
             No 
 
5 (42%) 
7 (58%) 
 
5 (36%) 
9 (64%) 
 
Table 10: Table diagram showing the different implants and the different types of knees used and 
the analgesia given 
Pain score: 
Pain experienced by the patient using the NPS for pain was assessed 
postoperatively by the primary investigator on a daily basis. The average NPS score for 
the day was noted, as is also the maximum NPS score in the Q4H NPS score chart that is 
maintained by the pain nurses. Those patients on epidural, the pain score was 
documented by the pain clinic team of doctors too. 
Pain score on a daily basis assessed by the principle investigator: The 
mean score on the first day in the epidural was seven and in the analgesic cocktail group 
it was 3.6. On the second day and third day it was 4.3 and 3.2 and 3.8 and 3 out of ten 
respectively. On the tenth day this almost became equal with the values being 2.4 and 2.7 
respectively. The range in the epidural group on the first day was 1-10 with four out of 12 
experiencing the maximum score of 10 while this was 0-9 in the analgesic cocktail and 
only one had the maximum pain score of nine.  On the second and third days this was 2-9 
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and 0-6 and 2-8 and 0-6 respectively. On the day of discharge this was 1-4 and 0-6 out of 
ten in the numerical pain score (Figure 18). This points to the fact that in the initial days 
analgesic cocktail has a better pain control and as the days go by the pain equals in both 
the groups.  
Nurse‟s chart: The mean pain score on the first day in the epidural group 
was 3.9 while this was 3.2 in the analgesic cocktail. The score in the following days were 
equal in both the groups. The range of pain varied from zero to 10 in the epidural 
compared to zero to eight in the analgesic cocktail group on the first day each having one 
patient recording maximum pain. In the following days the second day recorded 0-6 and 
0-4, third and fourth days 0-4 and 0-3 respectively. This again proves the fact that in the 
initial day‟s analgesic cocktail has a better pain control than the epidural and as the days 
go by the pain equals in both the arms. 
In the group receiving epidural first choice on having pain is increasing the 
dosage of epidural either giving as a bolus or the rate of infusion is increased. In the 
epidural group five patients received Inj.Morphine (Total of 25milli gram), eight had 
epidural top up (4-7ml/Hour) and four had epidural bolus (Total of 24milli gram). In two 
patients the epidural pump was not working and to these bolus, /top up and Inj Morphine 
were all used. One of the patients in this group, the epidural was continued for 36 hours 
due to severe pain. One of the patients had the epidural line coming out while turning on 
the second post operative day. In the cocktail group seven had received Inj Morphine 
(Total of 50mg). 
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Tests of within-Subjects Contrasts 
Source Factor1 
Type III Sum of 
Squares df Mean Square F Sig. 
Time Linear 50.481 1 50.481 6.231 .020 
Time*Group Linear 50.481 1 50.481 6.231 .020 
Tests of between-Subjects Effects 
Source 
Type III Sum of 
Squares Df Mean Square F Sig. 
Intercept 1766.777 1 1766.777 191.774 .000 
Epidural 24.931 1 24.931 2.706 .113 
Error 221.107 24 9.213   
Table 11 & 12: Tables showing statistics. 
 
Graph 6: Pain score plotted against the time period of both the groups 
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Pain score on the day of surgery  
Variables        Epidural 
 
       Per capsular injection 
 
    P Value 
Pain score on the day of 
surgery 
 
7.17±2.79 3.57± 3.25 0.006 
 
Table 13: Tables showing statistics and its analysis 
 
 
Figure 18: Bar diagram showing the Visual analog score during the first post operative days and 
the analgesia given 
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Morphine Injection and Epidural bolus combined: 
 
Variables        Epidural 
 
       Per capsular injection 
 
    P Value 
Analgesics supplemented 
 
      9 ± 3.74 7.14 ± 3.93 0.366 
 
Table 14: Statistics and its analysis 
 
Range of movement at time of discharge: 
  There was not any marked difference in the range of movement (ROM) at the 
time of discharge with the mean range of movement in the epidural group being 97 degrees 
when compared to 93 degrees in the analgesic cocktail group. 
Tests of within-Subjects Contrasts 
Source Factor1 
Type III Sum of 
Squares df Mean Square F Sig. 
Time Linear 2038.507 1 2038.507 7.196 .013 
Time*Epidural Linear 430.815 1 430.815 1.521 .229 
Epidural Linear 1246.566 1 1246.566 2.15 .155 
 
Table 15: Statistics and its analysis 
Active straight leg raising with brace in the supine position: 
33% in the epidural and 86% in the analgesic cocktail group was able to do 
active straight leg raise (SLR) with the help of a brace in the first post operative day itself 
(61 % of the study population). Another six patients in the epidural were able to do active 
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SLR in the second post operative day. Again one patient could do it on the third post op 
and another one could do it only on the day seven (Figure 19). In the analgesic cocktail 
group the rest two patients could do it on the second post operative day (Figure 20). One 
of the patients initially could do it but from the second post operative day onwards was 
not able and could do only after nine days, but on the day of discharge was able to do it 
actively. On statistical analysis, on the first day this was significant for the cocktail 
group, but as the days go by the significance became nil.  
 
Parameter B Std. Error 
95% Wald Confidence 
Interval Hypothesis Test 
Exp(B) 
95% Wald Confidence 
Interval for Exp(B) 
Lower Upper 
Wald Chi-
Square df Sig. Lower Upper 
(Intercept) -2.486 1.2741 -4.983 .011 3.808 1 .051 .083 .007 1.011 
Epidural 3.163 1.4706 .280 6.045 4.625 1 .032 23.635 1.324 422.050 
Time -.155 .5558 -1.245 .934 .078 1 .780 .856 .288 2.545 
Epidural*Time -.637 .6696 -1.949 .675 .906 1 .341 .529 .142 1.964 
 
Table 16: Statistics and its analysis 
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Figure 19: Pie diagram showing the time taken for patients to be able to do active straight leg 
raise by day1-4 
 
Figure 20: Pie diagram showing time taken for patients to be able to do active straight leg raise 
by day1-4 
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Lag on supine straight leg raising without the help of the brace: 
33% in the epidural and 43% in the analgesic cocktail group were able to do 
straight leg raising without the help of the brace on the first post operative day. Another 
two in epidural and three in the analgesic cocktail were able to do it on the second day 
(Figure 21). The number of patients able to do it on third, fourth and fifth day in the 
analgesic cocktail group were two and one each while this in the epidural group was nil, 
one and two ( Figure 22 ). 25 % of patients in the epidural were not able to do until seven 
days when compared to 7% in the analgesic cocktail. 
 
 
Source factor1 
Type III Sum of 
Squares df Mean Square F Sig. 
Time Linear 20.023 1 20.023 .832 .375 
Time* Epidural Linear 54.489 1 54.489 2.265 .152 
Epidural Linear 14.243 1 14.243 0.70 .794 
 
 
Table 17: Table showing statistical analysis 
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Graph 7: Lag on supine straight leg raising without the help of the brace plotted against 
the time period in days of both the groups 
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 Figure 21: Pie diagram showing the number of days taken to do an active straight leg raising 
without a lag 
 
Figure 22: Pie diagram showing the number of days taken to do an active straight leg raising 
without a lag  
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Lag on extension in the sitting posture: 
  The mean lag in the epidural group was 8.3 and this in the analgesic 
cocktail group was five on the day of the discharge. 50% in the analgesic cocktail and 
33% in the epidural attained a lag of less than five degrees by the time of the discharge. 
Lag was more in the epidural group but this was not statistically significant. 
 
 
Source Factor1 
Type III Sum of 
Squares Df Mean Square F Sig. 
Time Linear 17.667 1 17.667 .091 .766 
Time* Epidural Linear 256.798 1 256.798 1.322 .263 
Epidural Linear 2691.943 1 2691.943 3.710 .068 
 
Table 18: Table showing statistical analysis 
Blood loss: 
 The mean blood loss in the epidural group was 361 ml and in the analgesic 
cocktail it was 529 ml. This was in contrary to our thought as we were   expecting less 
amount of blood loss in the analgesic cocktail. But this wasn‟t statistically significant     
(p value 0.167). The amount of blood or its products being transfused were equal in both 
the groups with a slight increased amount in the epidural group (Three out of 12 in the 
epidural compared to three out of 14 in the analgesic cocktail). Statistically this again was 
not significant (p value 0.167). 
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Variables        Epidural 
 
       Per capsular injection 
 
    P Value 
Blood Loss 
 
      361 ± 161.58 529 ± 334.40 0.167 
 
Table 19: Table showing statistics and analysis 
 
Graph 8: Graph depicting amount of blood loss 
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Blood Transfusion: 
 
 
Variables        Epidural 
 
       Per capsular injection 
 
    P Value 
Blood transfusion 
                Yes 
                 No 
 
       
3 (25%) 
9 (75%) 
 
3 (21%) 
11 (79%) 
 
0.801 
 
Table 20: Table showing statistics and analysis 
Side effects: 
 Nausea and vomiting: Seven out of 12 (58 %) in the epidural had this 
complication while only five out of 14 (36 %) in the analgesic cocktail group. In the 
epidural 25 % had severe vomiting (Three out of 12) and this was only 14 % (Two out of 
14 ) in the cocktail group. In both the groups there were almost equal numbers with 
moderate complication (Three out of 12 in the epidural and three out of 14 in pericapsular 
injection group ) and one in the epidural had mild nausea. 
 Pruritis: This complication was almost equal in both the arms, three out of 
12 in the epidural and three out of 14 in pericapsular injection group.  
 Urinary retention: Four in the epidural (33%) had mild discomfort, while 
this was 7% in the peri capsular group. One in the cocktail had moderate discomfort 
needing cold pack for voiding. Another patient in the cocktail group was catheterized 
while in the intensive care unit admission. 
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 Respiratory depression: One in the analgesic cocktail (mild discomfort) 
and two in the epidural group (One mild and another moderate discomfort) had this 
complication. 
One patient in the analgesic cocktail developed intra operative 
hypotension needing ICU admission for post operative monitoring and management.  
One patient in the epidural group developed back pain needing close 
observation in the post operative period. 
Side effects were higher in the epidural group but were not statistically 
significant. 
Variables        Epidural 
 
       Per capsular injection 
 
    P Value 
Nausea and Vomiting 
 
      7 (58%) 5 (36%) 0.448 
Pruritis       3 (25%) 3 (21%) 1.000 
Urinary retention       4 (33% ) 2 (14%) 0.495 
Respiratory depression       2 (17%) 1 (8%) 0.887 
Cardio vascular       0  1 (8%) - 
Back ache       1 (8%) 0 - 
 
Table 21: Table showing side effects 
Other complications like infection, post operative bleeding or oozing, secondary 
surgery, meningitis, nerve palsy and death : Nil in both the arms.  
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Number of days taken to walk 50 meters without brace: 
  50 % of the epidural study group could walk 50 meters without the brace 
on the third day. Of the rest in the epidural: Two could do it on the fourth day, one each 
on the fifth and sixth day and the last two only after 8 days.57 % in the peri capsular 
group walked 50 meters on the third day, with fourth and fifth day having four and two. 
The time taken to walk 50 meters was less in the peri capsular group, though the 
difference was not statistically different (3.57 days Vs 4.17 days). 
 
Figure 23: Bar diagram showing the time taken to walk 50 meters and the analgesia given 
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Number of days taken to climb a flight of 14 steps: 
  In the epidural group one could climb steps by fourth day. On the fifth day 
four patients and five on the sixth post operative day in the same group could climb. Two 
could do it only after 10 days. In comparison seven could do climbing only on the fifth 
post operative day in the peri capsular group. The rest could do it as four on sixth, two on 
seventh and one on the eighth day. The time taken to climb 14 steps was also less in the 
peri capsular group as compared to the epidural group but the difference was not 
statistically significant ( 5.79 days Vs 6.08 days). 
 
 
Days taken to walk 50 m 
 
Variables        Epidural 
 
       Per capsular injection 
 
    P Value 
Days taken to walk 50 m 
 
      4.17 ± 1.69 3.57 ± 0.756 0.247 
 
Days taken to climb 14 steps 
 
Variables        Epidural 
 
       Per capsular injection 
 
    P Value 
Days taken to climb 14 
steps 
      6.08 ± 1.73 5.79 ± 0.975 0.587 
 
Table 22 & 23: Table showing statistics and analysis 
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Figure 24: Bar diagram showing the time taken to climb 14 steps and the analgesia given 
 
Distance walked in six minutes on Day 10: 
  The mean distance walked on the day of discharge (10 th post operative 
day) for the epidural group was 142.5 meters and for the analgesic cocktail it was 135 
meters. This difference was not statistically significant (p value 0.796).  
Variables        Epidural 
 
       Per capsular injection 
 
    P Value 
Distance walked in six 
minutes on Day 10 
      142.56 ± 80.93 135.14 ± 80.18 0.796 
 
Table 24: Table showing statistics and analysis 
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Graph 9: Graph depicting 6 minutes walking capacity 
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DISCUSSION 
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DISCUSSION 
      
Total knee arthroplasty is one of the common arthroplasty surgeries done worldwide.                                                          
Postoperative pain after total knee replacement (TKR) is a primary concern to patients and a 
focus of several recent research papers. Several techniques such as patient controlled analgesia, 
femoral nerve blocks, epidural analgesia and periarticular injection of medications have been 
reported.   
  
Middle aged males who were manual labourers and those involved in heavy duty are 
thought to be more prone to degenerative arthritis. Our study was aimed at studying the efficacy 
of periarticular infiltration of a cocktail of drugs in controlling pain and enabling early functional 
recovery after total knee arthroplasty for those patients presenting to a tertiary hospital with 
degenerative arthritis during the period October 2013 to September 2014. We studied 26 cases of 
patients who had undergone total knee replacement surgery. The study shows that the 
periarticular infiltration is significantly better than the epidural injection in the first 24 hours after 
the surgery. Even after the first 24-48 hours, when we would expect the analgesic effect of the 
injection to wear out, the pain scores were consistently less in the peri articular injection group 
than in the epidural group. Functional ability in the first 24 hours was also significantly better in 
the peri articular injection group. 
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 An additional advantage of the peri articular injection over the epidural anaesthesia is the 
reduced incidence of side effects like nausea, vomiting and pruritis.  Additionally, mobilization 
is easier, as there are no catheters restricting the patient. 
Arun Mullaji 
7
 in 2009 reviewed the effectiveness of a mixture of opioid, corticosteroid 
and a local anesthetic for periarticular injection in patients undergoing bilateral TKR. They 
injected one of the two knees with the drug cocktail. They reported significantly lower pain 
scores and better quadriceps recovery on the side that had periarticular injection of the anesthetic 
cocktail, as compared to the side that did not have the injection. 
 
Thorsell et al 
8
 in his comparative study on total knee arthroplasty patients using local 
infiltration anaesthesia technique with Ropivacaine, Ketorolac and Adrenaline to epidural 
anaesthesia reported earlier mobilization in the group treated with local infiltration technique. 
They concluded that this technique also offered better patient satisfaction and hence was better 
for postoperative pain relief than epidural anaesthesia.   
 
 Nattapol Tammachote et al 
13
 compared the pain control effect of intrathecal morphine 
and multimodal drug injections in patients undergoing total knee arthroplasty. They found that 
though initially there was no difference between the two modalities, 12 – 16 hrs postoperatively, 
the intrathecal group consumed significantly more Ketorolac and that the side effects of nausea 
and vomiting was also more in this group compared to the group treated with multimodal drug 
injections. 
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Spreng et al 
9
 compared the efficacy of periarticular infiltration anaesthesia and epidural 
anaesthesia in total knee arthroplasty patients and reported that epidural anaesthesia provided 
better pain relief in the immediate postoperative period, where as local infiltration anaesthesia 
provided better pain relief after the initial 24 hours.  
 
The above observations are contrary to what was found in our study, where we found 
better relief of pain, with periarticular injection in the first 24 hours. The level of analgesia was 
significantly better for the remaining hospital stay as well. Early functional recovery was 
possible with peri articular injection, though both groups were able to climb 14 steps by the 5
th
 
postoperative day. The reason for the prolonged beneficial effect of the peri articular injection 
has not been fully explained by other investigators. Several theories have been postulated. It is 
possible that due to the good reduction in pain in the immediate postoperative period, the neural 
sensitization is minimized. The steroid in the cocktail could also have a role in reducing the 
inflammatory pain postoperatively. In both groups, adequate control of pain provided the patient 
an opportunity to participate in the physiotherapy programme at an early stage and attain 
functional independence within 4- 5 days. 
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LIMITATIONS 
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LIMITATIONS 
 
The selected samples in the cocktail group comprised of solely patients affected 
with osteoarthtritis whereas, in the epidural group there were samples representing 
rheumatoid and gouty arthritis. We are not sure whether this disparity in the sample 
would have influenced the results. 
Further the preoperative morbidity of the subjects in the analgesic cocktail group 
was lesser compared to the subjects in the epidural group-through not significantly 
different. This again might have led to the slightly better outcome received with the 
analgesic cocktail treatment modality. 
The pain threshold varies with subjects. Hence the pain perceived is not an 
objective measurement. A person with higher pain threshold might not report high scores 
in the pain scale. Objective measurement scales for pain being unavailable, we have tried 
to minimize the error by standardizing the pain recording procedure. 
 
 
 
 
114 
 
 
 
 
 
 
 
 
CONCLUSION 
 
 
 
 
 
 
 
115 
 
CONCLUSION 
Primary Outcome: 
 
1. The pain relief on the day of surgery (day 1) was significantly better in patients 
who received peri capsular injection as compared to those who used the epidural 
injection for postoperative pain relief.  
 
2. The pain following knee replacement over the remaining days (days 2-10) was 
better in those who received peri capsular injection for pain control, but the 
difference was not statistically significant. 
 
 
3. The ability to do a straight leg raise with a brace on day one of the surgery was 
significantly better in those who received peri capsular injection for pain relief, as 
compared to those on epidural infusion. This difference was not statistically 
significant from the second day onwards. 
 
4. The time taken to walk 50 meters was less in the peri capsular group, though the 
difference was not statistically different ( 3.57 days Vs 4.17 days).The time taken 
to climb 14 steps was also less in the peri capsular group as compared to the 
epidural group but the difference was not statistically different ( 5.79 days Vs 
6.08 days). 
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5. The post operative range of movement and the distance walked in 6 minutes on 
the day of discharge (Day 10) was marginally better in the epidural group - 
though the difference was not significant. 
 
 
Secondary Outcomes: 
 
1. Patients who received epidural infusion for postoperative pain control 
required more medications as supplements - as evidenced by higher incidence 
of bolus injections/increased infusion rates /morphine injections (The 
difference being not significant). 
 
2. Side effects including nausea, vomiting, pruritis, urinary retention, and 
respiratory depression were significantly higher in the epidural group as 
compared to those who received the analgesic cocktail injection.  
 
 
3. Blood loss collected in closed suction drainage: This was significantly higher 
in those who received peri capsular injections, but the numbers requiring 
blood or blood products for transfusion were equal among both groups. 
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PROFORMA 
 
Is early rehabilitation after total knee replacement better with Periarticular injection or 
Epidural Bupivacaine? 
 
 
Name:        Serial No:  
Age:     Sex:    Hosp No: 
Address: 
 
Phone No: 
 
Preoperative evaluation: 
History of Diabetes Mellitus: 
History of Rheumatoid arthritis: 
 Walking distance: In meters 
 Aid used: Yes/No 
 Pain score pre-op: 
 Analgesics used: Yes/No 
Pre operative Knee society score: 
Knee Score:    Functional Score: 
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Pre operative: 
 Lag on SLR: Sitting: 
 Knee ROM:  Passive: 
 Flexion: 
 Extension: 
X-rays: Deformity: 
 
 
 
Surgery Date: 
Side operated :  Right    /    Left    knee : 
 Anesthesia used: Spinal /GA: 
 Components used: Type of knee used: 
 
 
 
 Patella resurfacing done or not :+  /  - 
 Epidural injection: +  /  -  
 Type and dosage: 
 Local cocktail given or not : +  /  - 
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Post operative: 
 DOS 1
st
 POD 2
nd
 POD 3
rd
 POD  DOD 3 Months 
Pain Score        
Pain Score: 
Nurses 
       
Pain Score: 
Anaesthesia 
       
Knee Flexion NA NA      
Active SLR 
with Brace (+/-
):Supine 
       
Lag on supine: 
SLR without 
brace   
       
Lag on 
extension:Whil
e sitting 
NA NA      
 
Visual analog score: 
1 2 3 4 5 6 7 8 9 10 
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Removed Epidural on: 
How long the local act: 
Injection Morphine used or not: 
Dosage and time: 
Epidural bolus given or not: 
Dosage and time: 
Blood loss: 
Drainage tube: 
1
st
 Day: 
2
nd
 Day: 
Blood and its products: 
Peri-operative complications (+/-): 
 Nausea:  
 Vomiting:  
 Pruritus:  
 Urinary retention:  
 Respiratory depression: 
 Others: 
 
Number of days taken to walk 50 m without brace: 
Number of days taken to climb a flight of 14 steps: 
Distance walked in 6 minutes: 
Comments: 
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Knee Society Score 
Pain: 
 None: 
 Mild/Occassional: 
 Mild (Stairs only): 
 Mild (Walking & Stairs): 
 Moderate/Occassional: 
 Moderate/Continual: 
 Severe: 
Flexion contracture in degrees: 
 5-10 / 10-15 / 15-20 / >20. 
Extension Lag: 
 <10 / 10-20 / >20. 
Total range of flexion: 
Alignment: 
 Varus/Valgus: 
 In degrees: 
Stability: 
 Antero-Posterior: <5 / 5-10 / 10+. 
 Medio-Lateral: <5 / 6-9 / 10-14 / 15+. 
SCORE: 
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Functional: 
Walking: 
 Un Limited: 
 >10 Blocks: 
 5-10: 
 <5: 
 House bound: 
 Unable: 
Stairs: 
 Normal Up and Down: 
 Normal Up, Down with Rail: 
 Up and Down with Rail: 
 Up with Rail, Down Unable: 
 Unable: 
Walking Aids Used: 
 None Used: 
 Use of Cane/Walking stick deducts: 
 Two Canes/Sticks: 
 Crutches/Frame: 
SCORE: 
 
136 
 
 
137 
 
 
138 
 
 
139 
 
 
140 
 
 
141 
 
 
142 
 
CONSENT TO TAKE PART IN A CLINICAL TRIAL 
 
Study Title: Is early rehabilitation after Total Knee replacement (TKR) better with Periarticular 
injection or Epidural Bupivacaine? 
Study Number: 
 
Participant’s name:  
 
Date of Birth / Age (in years): 
 
I (name) __________________________________________________________ 
 
Declare that I have read the information sheet provide to me regarding this study and have 
clarified any doubts that I had. [  ] 
I also understand that participation in this study is entirely voluntary and that I am free to 
withdraw permission to continue to participate at any time without affecting my usual treatment 
or legal rights [  ] 
I understand that I will receive free treatment for any study related injury or adverse events but I 
will not receive any other financial compensation [  ] 
I understand that the study staff and institutional ethics committee members will not need my 
permission to look at my health records even if I withdraw from the trial. I agree to this access [  
]  
I understand that my identity will not be revealed in any information released to third parties or 
published [  ]   
I voluntarily agree to take part in this study [  ] 
Name:        Left Thumb Impression 
Signature: 
Date:    
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Name of witness: 
Relation to participant: 
Date: 
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Christian Medical College, Vellore 
Department of Orthopaedics 
  
Is early rehabilitation after Total Knee replacement (TKR) better with Periarticular 
injection or Epidural Bupivacaine? 
Information sheet 
 
You are being requested to participate in this study to assess the effectiveness of peri 
articular injection of a mixture of analgesic drugs (analgesic cocktail), in the management of pain 
after undergoing Total Knee replacement.  
 
Currently, for immediate postoperative pain following a total knee replacement, we give 
a continuous injection of an analgesic medicine through a small tube inserted near your spinal 
cord. This is referred to as the “epidural infusion‟. This is normally used for 48 hrs 
postoperatively. The new method of pain relief that we are trialing involves the injection of a 
mixture of drugs into the tissues around the joint (periarticular injection) at the time of surgery. It 
has been shown in studies that this is very effective in reducing the pain post operatively. We 
want to assess the efficacy of the new method of analgesia in our subset of patients undergoing 
total knee replacement.  Hence we would like to compare the efficacy of this method with the 
current existing method of epidural infusion.  
The surgical procedure is exactly the same. Instead of using epidural anaesthesia for pain 
relief we will be using an analgesic cocktail. We anticipate that this will give good pain relief, 
and thus a faster return to normal activities of daily living and a faster and more effective 
functional recovery is expected. We also anticipate fewer side effects like nausea, vomiting, 
itching etc, that are sometimes associated with epidural anaesthesia. No additional risk or 
discomfort is anticipated. 
 
What does the cocktail consist of? 
The Peri-capsular Cocktail of anaesthetic drugs used for pain control include  
 50ml 0.2% Ropivacaine 
 10 ml Saline 
 0.3 ml Noradrenaline (0.6mg) 
 40mg Depomedrol Acetate 
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 10mg Morphine 
 30 mg Ketorelac 
 1 gm Cefazolin 
 
Does this cocktail have any side effects? 
No. They do not have any known side effects and has been in use for some time and 
results of the procedure have been published in other literature. 
 
Can you choose which type of postoperative anaesthesia is going to be used for your 
surgery? 
If you agree to participate in the study, you will be randomized by the investigator – and 
then you will receive either the epidural infusion or the pericapsular injection for pain relief. If 
you require any additional pain relief, this will be provided. 
 
How long will the pain relief provided by the periarticular injection work for? 
The periarticular injection should definitely provide you good pain relief for the first post 
operative day, and you will be encouraged to walk as soon as possible. Studies have shown that 
the pain relief on the subsequent days too been well.  
 
What will happen of you have pain in spite of these methods? 
The primary objective of postoperative analgesia is „adequate pain relief‟. If you are 
having “breakthrough pain” in spite of the epidural anaesthesia or the pericapsular injection, we 
will give additional injections which will help reduce pain. We will also put you on nonsteroidal 
anti-inflammatory agents like T. Aceclofenac which will also help in reduction of the pain. 
 
If you take part what will you have to do? 
You will be randomized into receiving either epidural infusion or the analgesic cocktail 
for post operative pain control. All other treatments that you were already on will be continued. 
A doctor will monitor your pain and function periodically after the surgery. If you have 
any pain or any problems after the surgery, he will help you with your problem. The 
physiotherapist will help you walk post operatively, and we will monitor how soon you are able 
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to walk a distance of 50m, as well as climb a flight of 10 steps. After discharge, you will be 
expected to come for a review to the hospital three months after surgery, and thereafter as 
required by the surgeon. 
If at any time experience any problem, you are expected to report this to the doctor, 
whose details are listed below.  
 
Can you withdraw from this study after it starts? 
Your participation in this study is entirely voluntary and you are free to decide to 
withdraw from this study at any time prior to the surgery. If you do so, this will not affect your 
usual treatment at this hospital in any way. You will receive the current method of epidural 
anaesthesia for pain relief.  
What will happen if you develop any study related injury? 
We do not expect any injury to happen to you but if you do develop any side effects such 
as allergic reaction or another unforeseen complication due to the study, these will be treated 
appropriately.  
 
What happens after the study is over? 
If the results of the study indicate that periarticular injection of the analgesic cocktail is as 
effective as the epidural injection, we would use this method as the preferred method for post 
operative pain relief in patients undergoing unilateral knee replacement. The results of the study 
will also be published in a peer reviewed journal. 
 
Will your personal details be kept confidential? 
The results of this study will be published in a medical journal and you will not be 
identified in any publication or presentation of results. However, your medical notes may be 
reviewed by people associated with the study, without your additional permission, should you 
decide to participate in this study.  
 
If you have any further questions, please contact  
Dr.Ajith.K,  
Department of orthopaedics Unit 2,  
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Christian Medical College,  
Vellore. 
Phone no.08489646987   
E-mail:ajith_ortho@yahoo.co.in 
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